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P = X1 ⊗X2 Q = Y1 ⊗ Y2 R = Z1 ⊗ Z2
P ′ = X2 ⊗X1 Q
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D1 = (+, ξ, I1).R1
T v
D2 = (+, ξ, I2).R2 A




I1 ∩ I2 = ∅
}]rsﬀ V




I1 ∩ I2 6= ∅
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D1 ≡G D2 ⇔ ∀E ∈ G
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∀D,D′ ∈ E, D ≡ D′ ⇒ JD,EK = JD′,E′K
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; D ∈ G ` Λ⇔ ∀E ∈ G, JD,EK ∈ ` Λ
; D ∈ Ξ ` G,Λ⇔ ∀E ∈ G⊥, JD,EK ∈ Ξ ` Λ
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P := X | P ⊗ P | P ⊕ P | 0 | ∃X.P |  P⊥
Wiy +!:nxmKi:pmyp 
xm{s l"fg9r]vwm
















Γ ` ∆;P Γ′, P ` ∆′; Σ
` Γ,∆; Σ
Γ ` ∆, P ; Γ′, P ` ∆′;
` Γ,∆;
fg+z6lshohy]lpEo1g9i Γ ` ∆;P
Γ ` ∆, P ;
vSnxs1p]ohxs1ohz6lMpEo fy Γ ` ∆;P Γ′ ` ∆′;Q
Γ,Γ′ ` ∆,∆′;P ⊗Q
Γ, P, Q ` ∆;





Γ ` ∆;P ⊕Q
Γ ` ∆;Q
Γ ` ∆;P ⊕Q
Γ, P ` ∆; Γ, Q ` ∆;
Γ, P ⊕Q ` ∆;
zKg9ixyp_lipEmKy
Γ, 0 ` ∆;
!:n%li:p]o 2%zlpEmKnxr]y Γ ` ∆;P [A/X]
Γ ` ∆; ∃X.P
Γ, P ` ∆; X 6∈ Fv(Γ,∆)




mKy Γ, P ` ∆;
Γ ` ∆;  P⊥
Γ ` ∆;P
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JF,Dai⊗ FidK = JF(Dai),FidK = Fid = qFid−,Daiy
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D := D+ | D−ξ
D+ := Fid | D+t
D+t := z | zξ | (+, ξ, {i1, . . . , in}).(D
−
ξ.i1
, . . . ,D−ξ.in)
D−ξ := Fid
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ﬀﬂﬁﬃ! #`A#V)(F.3&)@ .S(F.3Vd$<>F.S>?&)(7V)IQ&8>F24.3&)(F>(F.3T1A(Fn/&8.> 





5?24$'+8> X&)+RN)H3T_$'+_.35Z&)+RN)H3T_$'+#gr$/,AIQ24>BH >?&)( 5F$'&8> I4.> IQ24.3&ﬀfCﬃV$<>?2Q5?2 gr> XN). IJA*PMA'>B.GCﬃI4$,AI4.ﬂX
Y







u . n/&)2\2QTRV)IQ24n/&8.SCﬃVMA(%(FH,3&)(?(F.3+8,.ﬂXZn/&8. 5F$'&)5 +G&8NLN).
D










	ACD>) $8%," && $&%..% )+*$ *2&1sﬂ &Kﬁ*Rﬁ*













αScal∗(D) ∈ ]0; 1[
p.]fRz[]












αScal∗(D) ∈ ]0; 1[
5F.3I%n\&8.
















































7	_o5WAPCED7t 3 *K * )%l&& )54 
%,"ﬁ)'$$&7)#* $" *ﬂ+*"GdhcI`
\Ta*Q*V
da&^ IS2)F)'+"lﬂ *0" *+"rﬁl4 *ﬂﬂ *
)%/*) &Kﬁ* *$)+*" $&%"ﬂ/ )'7" )+*"+<$3+)'ﬂ &F"ﬁ)' &+" )+*
D
))#*. )54 )'$9*" )+*"" * &+" *g




s+&F"ﬁﬁ * 9*5",$ *"" *$&5*ﬂﬂ * *$ )+*"ﬃ *"!# &5*$"ﬁ=
ﬃPﬀ[
Q*cI[scI\T^?a&^?cI` dﬁj?S ﬁG[mc'V





( *O  _ZdHJILKKI'4 A
Z





D 7→ JD,UODK ]_^p0n ]}op">]>
/t%lﬀﬂﬁﬃ1 e+ V)(F$'&)@ . VMA( (FH,3&)(?(F.3+8,.Wn/&8.-I4.>
n
V)(F.3TR24.3(F>!+)2Q@ .A&ﬀf Nﬀ& N).>F>F.32Q+ >B$'+\5
,AI4,3&)IJAP)I4.>GjLVMA(?5?2Q(*N). JD,UODK Y
z<	>?s{q?s}L:=<>:@?
8 ACPD ( 4VR",ILK MPO

























































7	_o5WAPCEDM  $ " %/7)#$9* $)+*: )+*"" * &+"J &ﬂE"3! )>o )+* )+*:ﬀ
%,"ﬁ)'$"D'rK$*,
 &5* $%+$(*)'ﬂeﬂ * $ﬃﬂ *"L" *)'ﬂ1)#& $*" *b%!)#*$N*ﬂﬂ * *$ )+*: &

 *U%+$L" %/7)#$9* $ ﬂ *" )+*"" * &+"
" &f9*ﬂ1)+ *5"!  7)&"ﬁ=
 *)'
"" &; * $ ﬁ;4  o4 ) 7)&"pﬂ1) )#& &
D1 = D2 ⇔ (∀E,D1 ⊥ E⇐⇒ D2 ⊥ E)
R&+" &FJ 7)#$*;:*1sﬂ *Jﬂ *" )+*"" * &+" &ﬀ % )#&K)' * *$n(0)' :  )%l& &9L=I7) (+* 	 ! o4 $









































































































	ACD )U$8%," & & $.%..% )+*$ *]9$$9*Xﬁ*]ﬂ *")+*"" &+" )+*1P.)&" *
β
",$ " %/7)#$.%"
7)#$ a&cIV6a&Sﬃ[$P_^eQ*S )+* )+*"" * &+"R6&7)#* $8" *ﬂ")#&F"&o" "$ ﬂ1) P.)&" *
β⊥
=V) $%," && L=  7) (+*





 (ﬁ+& " %/7)#$T)#& =
3$N+& &7)#* *$7JI2*r)'H"" & $T)!
$8  * $p9*K * &)%9*2)+*I7)#& $*2)+*U" *)'ﬂ1)#& $*"p))#*.")+*"< *"! ,















s ∗ (1+ i)
*S#+" &)% $* $]ﬂ *p *"!- &5*$ $&%"6ﬂ/,
 )'$ )+*Xﬂ1)+<$3+)'ﬂ &F"ﬁ)'& )' $.%" * )'
D,UDβ⊥(α+α
′ ∗ i)
= *"" *)'ﬂ1)#& $*" )' )+*"" * & &7)#* $8" *ﬂ
 )+*<ﬂ1)]8C<$3 *












 fﬂﬂ * $8 )#* )'H"" &g)' 7)&""ﬁ) (+* ﬁ;4 &ﬂ *"4%,"" & Pﬁﬂ * )+* $*"$* &)#$9*(ﬂ*4 *"/7)9* )+*"" *)'ﬂ1)#& $*"9#
)+*" *+" *Pﬁﬂ *"1P * )'$Qsﬂ/
"I*&7"pﬁ*bﬂ*4 &$ * $*))'ﬂﬂ *
]0; 1[
ﬀ *S7)#$2*;:*1sﬂ *]ﬂ *" $T)'&$ *ﬂ"
)F)'+"
]0; 1[






% $*$" *l+);BC<$.%"I7)#$ 1
2
%+$
6 *&Cl&y% )54 *$$9* * :L=


























8BAC03D ( MPTWVR ILKU
KUX KNI'4~VYXNZRKORZ








































X JR2K ⊆ JR′2K .35
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ai ≥ 1−  Ó
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aibi ≤ (1− )(1−A) + A = 1−  + A
=|kgW
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X ∈ C Ó
Ñ
X ′ ∈ C Ý
U









































â ∀X ∈ C, W(JOs(X),EK) ≥ α
â
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r  afgWc-afp)(=rsau=abq |kr 'Cgkpadc | (=-afg iWcB^
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W (JD,EK) =W (JD′,EK)
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Rn(Rn−1(. . . (R1({X})) . . .))
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â W (JDC,EK) = ∑X∈CW (JX,EK)
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Ó Dev(C) = Cdev á
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W (JDC,EK) =W (qDdevC ,Ey) ^














W (JX,EK) = ∑X′∈R(X)W (JX ′,EK) ^
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X∈Cdev W (X) ≤ 1









W (X) ≥ 1− 
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m *d|ki=~;aflli=-au=a
D
 j *da 
E
^








W (JD,EK) ≥ W (JDC ,EK) =W (qDdevC ,Ey) ≥∑X′∈Cdev W (JX ′,EK) =∑
X′∈Cdev W(JOs(X ′),EK)W (X ′) = ∑X∈CW(JOs(X),EK)W (X) ≥ (1− )2
{}a *fe	adcl ~j>eq/|ki='-|ki=
 ∈ ]0; 1[
=|kg5*
W (JD,EK) = 1 af D ⊥ E ^
 	 Hg




























































D1 . . . Dn
7→ K+
D1 . . . Dn
φ1 : K+
D1 . . . Dn
7→ z
φp : K+



























D ⊥ E⇔ ∀p, W (Jφp(D),EK) = 1
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φp  





















hCiWabr  ? j>rReR-
JD,Faxpξ`ξ′K = φp(JD,Faxξ`ξ′K)
adcl ~j>esa iWc-hCi \rj&DSj>i=-afi=
n
^































ÙﬃàÏÕ$ÓÕ1Ú k ∈ N ∪ {+∞} Ó
Ñ JD,EK = Fid á/.dÙ¥Ý,Ý	Ü Î Ú?×xV
W (Jφp(D),EK) = (1− (1− p)k)
















































































































































































































































^u{ adcl ~j>e *Bj>+-|ki=-a7* D=-|kg=esh iWa adcl i=g * DWafpZeRg^
2⇒ 3
^u{ adcl ~j>e *Bj>+-|ki=2* DWafpZeRgOadcl i=gWawlj>g5*EDWa@^
3⇒ 1
^u{ DSjkhCiWa lj>g5*EDWaadcl (=j>g5*EDWafpafg ŁWg=e 8M=|kg5*98zj>q=E<dc[rsa rsafpZpa=a
	'|afg=e ?58




^{è g cli=q=q/|@ca%h iWa
D




qSj>E*d|ki=j>g  *da *EDWafpZeRg












p 7→ Jφp(D),EK c|keR GescE*d|kg leRgCi afg 0 ^>3i=esc-hCiWa -|ki= q |kr 'Cgkpa+adc-




















8/j>i5*fi=gO=fp|kgOg adcl j>l-afeRg  *Bj>
W (JD,EK) = 0
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G^R_@^ & |kles|kgWc'q/|ki= rj *d|kpZq=rsfliW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=adc *d|kpZq |kl-afpafg -c ^w^v^w^x_f] y
1 !uI/58587 9@?B7	<>E[1Z1[1[1Z1\1[1Z1[1[1Z1[1\1[1Z1[1[1Z1[1\1Z1[1[1Z1[1[1\1Z1[1[120/
G^zyG^R_ `b *Bj>rj ?;adc ^w^v^w^v^w^w^v^u^v^w^v^w^w^v^w^v^u^v^w^w^v^w^v^w^v^u^w^v^w^x_f] 
G^zyG^zy ' =GeRle 3c ^u^w^v^w^v^w^w^v^u^v^w^v^w^w^v^w^v^u^v^w^w^v^w^v^w^v^u^w^v^w^x_f]  
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Aib






















































































































@H;]<4C6YKJ1CP?;Y UCYﬃSiJ1C6NO>y>HAq\Tﬃ>fU0J~LKJ1N?AOC>,PO>H]/C &kPOC6]/LﬃU>yFR:5T4Y @;1]/L©;N?AO>],>YA>HY4X>HY4F4NO>U>,@;]&
L©;N?AO>],>YAib





























')(+*·ä³µ´³¶°©·Q¯Rº[¯ ¼-,dÇVÈ9m©¿^/C3`¿ ÂHÇ/ Å ¿^/ﬃÄ3©¿ÃWÁ
7q







































































































ÁË1Ài¿ Ç/ ÂHÁÏÈ¥¿65OÂ	¿6ÈnÉwÅ'ÁÁÀqÇ©ÃWÀ¬Ì4ÇÏÇ/43wÅ ¿'ÀÄ
ÍÏÎÐWÑ























D ⊥ E⇔W (c) = 1 Ó
Ñ
∀i, Di ⊥ E
å
A%I/5	Ed?B<>:G?HDFIJ5qæ&%






adcl q |@cleRle l^
' rs|k-c













adcl gW? j>le l^
è gLfleR
E = c′.(E1, . . . ,Ek)
| rsadc
Ei
c-|kgC cafpZenmocleRpZq=rsadc @3|kg i=leRrResc-aO-|ki  |ki=-c rj
d|kg ~;afgCles|kg hCiWabrj  j>pZeRrRrsaw=adc
(Ei)
q/afi= fl-aveRgGŁWg=esa B ^
è gOj
JD,EK = c′.(JD,E1K , . . . , JD,EkK)
`b|kg
JD,EK = c′.(c.(JD1,E1K , . . . , JDn,E1K), . . . , c.(JD1,EkK , . . . , JDn,EkK))
3Mj> rjq=-|kq |@cleRles|kgG^ ]qSj ?;aT]58|kg=dGi=eR hCiWa
D ⊥ E
































JDi,EK = c′.(JDi,E1K , . . . , JDi,EkK)
1































































































Cl(E) = G⇔ Pss(G) ⊆ E ⊆ G
å
ACIJ58Ed?B<T:G?HDFI/5sæ
3M|ki= -|ki=-a f D=esh iWa
E










_@^ g=adcc-afeRgeRpZpdGej>-afpafg '-|kj>r @3c|kg d|Ca: fesafgC rj (Sjkcavadcl =a q |kes=c
1
B}adcleRgfrRiWc




è rsadcq=-|  afles|kgWc'c-afpZenmocleRpZq=rsadc+=adc =adc-cafeRgWc =a
G
c-|kg  =adc+=adc-cafeRgWc c-afpZenmocleRpZq=rsadc =a
G
@Fq=-|kq |@cleRles|kg G^zy B ^
`b|kg
Cl(Pss(G)) ⊇ G














































































































































































D0 ⊆ D Ô4Ó G
Ñ
ÓÜãﬃÕÓ

























Ù Ô4Ó G⊥ á
å
A%I/5	Ed?B<>:G?HDFIJ5qæ







































^53j>= ŁWg=eRles|kg=avr  eRgfrRiWcles|kg 8
c′
adcl'| (=-afg i [qSj>lleR=a
c
afg
















































|kgZq |kes=cadcl=|kg cllle f-afpafg  eRg  flesafi= 
1
af 8@zj>q=E<dc
























































































i=g=adc-c-afeRgp j>-flesafr @3? j>r 6c-|kgeRgBj>lgSj>les|kgﬀBuWj>gWc i=g d|kpZq |kl-a m
pafg 
G
^`[zj>q=E<dc rjq=-|kq |@cleRles|kg G^qSj ?;a q=-dd=afg -a98Mrsadc d|a: fesafg -c\q |@cleRle  cvgW|kg~escleR-dc




af}rsadc d|Ca: fesafgC-cq=- Ł 6=j>gC dadc j fles|kgWc c-|kg  =aq/|kes=c
1
































{E ∈ G | E ⊆ D}
å
ACIJ58Ed?B<T:G?HDFI/5sæ
è g6i=leRrResc-abrsaw DWd|kE<fpau=avclj (=eRrReR-@^
~<ﬃ¯
n9¯Vº|»x KkX;¬BFWﬃ¹X 
Ï;BFWﬃ Ł+dCt;K XµFWﬃ£th; ŁXKk;B¥  K*Xh¬X
FWﬃ tXw
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P?T4L`>HNOL©;POCMADC6;YgNO>HUC>eF4>P{F4>P?PO>HCY4P{POC6]/L4U6>Pd>BA{F4>P{F4>P?PO>HCY4P{L4NO;1<KJ1<4C6UCP)AD>HPb










































































































































































































































nﬂ;BwCﬃ XdD B;B d^;  X
ﬃ iBoD
 
X;¢ävwxŁB*X}t1FWﬃ£Ł"w	IWﬃ Ł¤B¼KXNK XµFWﬃ)GdC"GOﬃ Kﬃtd
ŁB  dµBF{Xn
     
























































â H = Simp(G)


































































































































 H = Simp(G)
 H⊥s = Simp(G⊥p)
1



















Simp(G⊥p) = (Simp(G))⊥s = H⊥s
~<ﬃ¯
n9¯Vº ¸ xﬂﬃ KﬃtdŁ vÊﬃKﬃkXXK
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3j>'qSjkc-cj ?;awj>iOGiSj>r 8=rsa d|kg=gWaf-afi=uadcl+=|kguj>iWc-cle m -?@i=rResafB^

è g6q=-|  <d=aw=abp j>g=e=<f-auc-eRpZeRrj>eR-avq/|ki='rsadc'j>i=l-adc d|kg=gWaf-afi=-cB^





































D = |D|G = ∩{D










D = |D|Simp(G) = ∩{D








































































































~<4¯ﬃ%c>¯Rº^¯c Ł;;¬X¹n +1I 
c.(D1, . . . ,Dn)
*X 
K
W (c) < 1
¥wyv
KtDﬃ
 iBIWﬃ Xtﬃt B* @ Łdµ1X Xw"n +1Iµ1
Fid−  
Ł;;¬XTK XµI 
c.(D1, . . . ,Dn)
*X 
K
W (c) < 1
gwv
K¥tD iBIWﬃ9Xt ﬃ

















































































































































































(s1.D1, . . . , sn.Dn) 7−→ 1 + max h(Di)
(+, ξ, I).(D1, . . . ,Dn) 7−→ 1 + max h(Di)

































cleaf'c-afi=rsafpafgC clecadcq=-|  afles|kgWc cleRpZq=rsadc d|kpZq=r=<f-adc c-|kg 'Wj>gWc
H
^















 j>ifi=g d|kpZq |kl-afpafg B^©è  8 c-adc q=-|  afles|kgWc
cleRpZq=rsadc d|kpZq=r=<f-adcc-|kg }-dGi=eR-adc vrjwGeR~;af ?;afgda&@Fq |@cleRleR~;a |ki gW? j>leR~;a c-i=eR~kj>gC rj
q |krj>leR- BhCi=egzj>q=qSj>llesafg=gWafg  (=esafgZj>ifi=g d|kpZq |kl-afpafg B^
è gc-i=q=q/|@c-av=|kgwqSj>+rj[cli=eR-awhCiWa
∑






adcl q |@cleRle l^è gj[q |ki= -|ki='=adc-c-afeRg
E ∈ G⊥
	














^Qè g d|kgfrRi=afg -afp j>-h iSj>gC
hCiWa+rsadc q=-| lafles|kgWccleRpZq=rsadc d|kpZq=r=<f-adc =adc
Di


































c.(E1, . . . ,Ek)
| rsadc
(Ei)
c|kg  c-afpZenmocleRpZq=rsadcB^è g
j
JD,EK = c.(c1, . . . , cn)
| 8Gq |ki=+-|ki=
i ∈ {1, . . . , k}
8
ci = (s1. JD1,EiK , . . . , sn. JDn,EiK)
è g d|kgfrRi=afgq=-|ddWj>gC d|kpZpavq |ki=+rsa Bjkc q=-dd=afgC&@
D
q |@cleRle B ^

{jkc'yG^















adcl=a rj  |klpa








Ei = . . . (−, ξ, I).E
(i)
















D = ((−, ξ, I).D′I)I
^è g6q=-|  <d=aw=abpfpa@^
yG^w{}a Bjkc+c-av=dGi=eRGi Bjkc
1







































































r  |k-G-aa6-afgWc-es|kg=gWafr @Fi=gWad|kgWc-llifles|kg q/|@c-c-e (=rsa adclZ=a j  |ki=-afZ-|ki=-adc[rsadcZj fles|kgWc[gW? jTm
leR~;adcbq |@c-cle (=rsadcvWj>gWc
D0
afv=a[pafll-aZ=adcv=fp|kgWcuj>q=E<dcCB ^©è g%j| (=-afg ii=g=adcc-afeRg
D′
=a
q=-|  |kgW=afi= ŁWg=esa ~escleRj>g 
σ
^ﬃ3j>[rjq=-|kq |@cleRles|kg G^R_6qSj ?;a q=-dd=afgC-a98|kg =dGi=eR[h iWa rsadc















































;B¦Ł+dCxB KXNK XµIWﬃ_Łx ﬂXC¬XG{Ł;  Dﬃ
K;qpKYﬃC>P2Łxiﬃ}
c0 = zξ c1   (+, ξ, {0})
(−, ξ.0, {0})
zξ.0.0





(−, . . . , {0})
zξ.0.0...














































{ci | i ∈ N}
 dw










































 GBD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I = {i1, . . . , in}













































Dai− = (−, ξ, J)
z
áHáá (−, ξ, J ′)
z
Îﬂ









































































Þ,ÞgÓÙµ8HÓSVÝ!Ú (+, ξ, I) á
å
A%I/5	Ed?B<>:G?HDFIJ5qæ
3Mj>[p|kgW|k-|kg=esa @Fq=-|kq |@cleRles|kg G^zy qSj ?;a_@_@_ B8 rsa -fq afl-|keR-a i=g d|kpZq |k m
-afpafg  q/|@cleRle +cli=urj (Sjkc-a
` ξ
















































































































































































e ÔﬃÓ E á

















































































































=afi;6 d|kpZq/|kl-afpafgC-c Gesc l|keRg -cH^
ç
|keR









D′ ∈ G ∩ H
^}`[zj>q=E<dcrj%q=-|kq |@cleRles|kg G^R_ qSj ?;a
q=-dd=afg -a98
D′
gWa d|kpZpafgdawqSjkc'qSj>+i=gWauj fles|kg6q=-|kq=-a@^ { adcl+=|kgvi=g=fp|kg @ 3|>m





adc- i=gWa d|kp (=eRgSj>esc-|kg rReRgWBj>eR-aw=aw=fp|kgWcB^
⇐






























































zξM = zξ á
å
ACIJ58Ed?B<T:G?HDFI/5sæ




















jq=-afi=~;a adcl cleRpZeRrj>eR-a  dafrRrsauWj>gWc rsa BjkG-a\=awrjZrRiWGeshCiWauc-eRpZq=rsaeR G_
q |ki=wrsadcu=adc-cafeRgWcuc-afpZenmocleRpZq=rsadcH^
1



















































































































































































































































38|ki=rsadc6=adc-c-afeRgWcc-afpZenmoc-eRpZq=rsadc 8+|kg  j>eR rj pfpa%q=-afi=~;a%h i afg rRiWGeshCiWa




































































jbq=-afi=~;a'adcl cleRpZeRrj>eR-a  dafrRrsa'afgZrRiWGesh iWa+c-eRpZq=rsa	ki=g =adc-c-afeRgZp j>-flesafr	@3h i=e
adclvcj q=-|kq=-a[eRgBj>lgSj>les|kgﬀBbcafpZenmocleRpZq=rsa=a
G & H
adclwcleRpZq=rsafpafg ur  ﬁﬀﬃﬂ!  "$#&% ﬂ'(#)  	
*
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c.(D1, . . . ,Dn)~ c







1, . . . ,D1 ~D
′
m), . . . , c
′.(Dn ~D
′





c′.(D1, . . . ,Dn)~ c.(D
′







1, . . . ,D1 ~D
′
m), . . . , c
′.(Dn ~D
′






















































































































































c.(D1, . . . ,Dn)~ c







1, . . . ,D1 ~D
′
m), . . . , c
′.(Dn ~D
′



















c′.(D1, . . . ,Dn)~ c.(D
′







1, . . . ,D1 ~D
′
m), . . . , c
′.(Dn ~D
′
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F(c.(D1, . . . ,Dn)) = c(cF.(F
1(D1), . . . ,F
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δc(0, 0) = 0


























































 [0; 1] 
δc(c, c








































































































































































































































δ(K+.(D1, . . . ,Dn),K
+.(D′1, . . . ,D
′





δ(0, 0) = 0
δ(((−, ξ, I).DI)I∈Pfin(N), ((−, ξ, I).D
′



























































































































ﬂ D	     







¸~}v, d  Ü% X] X ~)2
V
Ł]]U¿M6
d : X ×X → [0; 1]
































































































































@2 Ł'v+Ł~]^ c ]



















% ` ξ ¾  ^6









Ł~^ed+ D @1» % X] {z;zξ}
¦
½












^\q%» ~1~ X8] ~
x
















(+, ξ, {1; 2})
0.4




















































































































































































































































































% (E, d) 
6
 E  2¢ G]6 ¦
 d ~) 0%._)
x
^Ł) <~ % 
x







 d(Fid,Fid) = 0
 d(z,z) = 0  d(zξ,zξ) = 0
 ∀D1,D2 ∈ E
p, d(D1,D2) ≥ δc(Coef fst(D1),Coef fst(D2))
 ∀D1,D2 ∈ E








 ∀D1,D2 ∈ E
p, d(D1,D2) ≥ δc(Coef fst(D1),Coef fst(D2))
 d(Dai−,Dai−) = 0
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» X>&ﬁﬀ+D8Xﬁﬂ X }>?4» 2 XQ_

















⊥p, d⊥(E1,E2) = sup
D1,D2∈Simp(Ep)
(




1~]Ł'6 ξ11 , . . . , ξ
n
n ¾v2 XQ_





























































































































































































































































y » 2^WX8 _





















































































d⊥(E1,E2) = sup δc(JD1,E1K , JD2,E2K)− d(D1,D2)
≥ δc(JFid,E1K , JFid,E2K) ≥ 0
vl{
d⊥(E1,E2) = sup δc(JD1,E1K , JD2,E2K)− d(D1,D2)







































d⊥(Fid,Fid) = sup δc(JE1,FidK , JE2,FidK)− d(E1,E2)









































d⊥(zξ,zξ) = sup δc(JE1,zξK , JE2,zξK)− d(E1,E2)




















d⊥(z,z) = sup δc(JE1,zK , JE2,zK)− d(E1,E2)




















= δc(Coef fst(D1),Coef fst(D2))− d(Dai
−,Dai−)





















d⊥(D1,D2) ≥ δc(Coef fst(D1),Coef fst(D2))
G
d⊥(D1,D2) ≥ δc(JD1,zξK , JD2,zξK)− d(zξ,zξ)
= δc(Coef fst(D1),Coef fst(D2))− d(zξ,zξ)



























d⊥(Skunk,Skunk) = sup δc(JD1,SkunkK− JD2,SkunkK)− d(D1,D2)
= sup δc(Coefzξ(D1),Coefzξ(D2))− d(D1,D2)
= 0
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)1"X $6X>&ﬁﬀ% 2ﬀ 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 G]6 ¤
x








































































































































































= supD1,D2 δc(JD1,E1K , JD2,E2K)− d⊥(D1,D2)
= supD1,D2 δc(JD1,E1K , JD2,E2K)
−(supE′1,E′2 δc(JD1,E′1K , JD2,E′2K)− d(E′1,E′2))
≤ supD1,D2 δc(JD1,E1K , JD2,E2K)






























~U~^ (G, d)  
d(D,D) = 0













































X 4» 2 ~1~/Ä2
V




M (G, d) 
||D||G =
⋂
{D′ | D′ ⊆ D, d(D,D′) = 0}
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1 ξ.i ` ~)
1






























1 ` ξ.i ~)
2













D1 . . . , . . .
2
D2 . . .) = d(D1,D2)
 . . .
2
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(G, d)  X
x













(G, d)  X
x


























































































= supE1,E2 δc(JD1,E1K , JD2,E2K)− d⊥(E1,E2)
= supE1,E2 δc(J  D1,  E1K , J  D2,  E2K)− (  ′d)⊥(  E1,  E2)














































 ′d(. . .

D1 . . . , . . .





D1 . . . , . . .




























∩k(Gk, dk) = (∩kGk,∩kdk)
x
¼)Ł
∩kdk = sup dk
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Ł]] fi : Ai → B
¦
^














inf fi : A → B

























































































































































































% (G1, d1)  (G2, d2)
~) 
(G1, d1) ./ (G2, d2) = (G1 ./ G2, d1 ./ d2)
x
¼)Ł
















1 (G1, d1)  (G2, d2) ¾
x
X _ G]6
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= supd2((F1)D1, (F2)D2)− d
⊥
1 (D1,D2)
= sup δc(J(F1)D1,D′1K , J(F2)D2,D′2K)− d⊥2 (D′1,D′2)− d⊥1 (D1,D2)
= sup δc(JF1,D1 ~D′1K , JF2,D2 ~D′2K)− (d⊥1 (D1,D2) + d⊥2 (D′1,D′2))











































(d1 ./ d2)(F1,F2) = sup d2((F1)D1, (F2)D2)− d
⊥
1 (D1,D2)




















































% Ξ ` Λ 6) (ξii ) ~(25~%~ X]
Ξ,Λ  XQ_










































d    = −
d⊥    = +
>@?	  /10 2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 G 	 _%¤¥2/]~46 H ¦

462¢
2~ %~/  l~ D1  D2  H
p
dG(D1,D2) = 0 ⇔ D1 ≡ D2
dG(D1,D2) = 1 ⇔ D1 6≡ D2

462¢
2~ %~/  l~ E1  E2  H
⊥sp
dG(E1,E2) = 0 ⇔ E1 ≡
⊥ E2













































































































































)− d(D,D′) = 1− 0 = 1
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ﬀ%@ » 2 XQ_
Ł)4~U~^   l] (G,≡) ~
(G,≡)⊥p⊥p = (G⊥p⊥p, d⊥⊥≡ )
x
¼)Ł'¾462¢62% /]~ D1  D2 ¾
d≡(D1,D2) = 0   D1 ≡ D2
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2) = sup δc(JD1 ~D2,EK , JD′1 ~D′2,E′K)− dG⊥./H⊥(E,E′)
= sup δc(JD1, (E)D2K , JD′1, (E′)D′2K)− dG⊥./H⊥(E,E′)
≤ dG(D1,D′1) + dH(D2,D
′
2)





























(dG./H(F1,F2) = supdH⊥(JF1,D1K , JF2,D2K)− dG(D1,D2) = 0)
⇔ (dH⊥(JF1,D1K , JF2,D2K) = 1⇒ dG(D1,D2) = 1)
⇔ (JF1,D1K ≡H⊥ JF2,D2K⇒ JF1,D1K ≡G⊥ JF2,D2K)
⇔ (JF1,D1K ≡G JF2,D2K⇒ JF1,D1K ≡H JF2,D2K)
⇔ (F1 ≡G F2 ⇒ F1 ≡H F2)
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 Ξ⊥p⊥p ` Λ⊥p⊥p ¦

6 62% D1  D2 
x
 Ξ ` Λ ¾G
x
dΞ⊥p⊥p`Λ⊥p⊥p (D1,D2) = 0 ⇔ D1 ≡ D2
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 (+, ξ, ∅)










































































































































































































































































(~ %~/ D 4»  %'6~^ WXQ_
Ł)4~U~^0  l] Ξ ` Λ ¾]¢~ % Dp














 Ξ⊥p⊥p ` Λ⊥p⊥p ¦
w
.~ % D ~) XQ_
x


















































































∀D′p ⊆ Dp, d(Dp,D
′
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;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~U~^I/l Ξ ` Λ ¾W] 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 Ξ⊥p⊥p ` Λ⊥p⊥p ¦
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  _1¤¥] Ξ ` Λ ¦
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2(l%¼ pi 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(+, ξ, {0; 1})
(−, ξ.0, {1})
(+, ξ, {0; 2})








































































































(+, ξ, {0; 1})
(−, ξ.0, {1})
(+, ξ, {0; 2})
(−, ξ.0, {1; 2})
(+, 0 : ξ.0.1, {42})
%
ﬁ
(+, ξ, {0; 1})
(−, ξ.0, {1})
(+, ξ, {0; 2})
(−, ξ.0, {1; 2})





















































































































































































































































































D1 = (+, ξ, {0; 1})
(−, ξ.0, {1})
(+, ξ, {0; 2})
(−, ξ.0, {1; 2})
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E = (−, ξ, {0; 1})
(+, 0 : ξ.0, {1})
(−, ξ.0.1, {42})
(+, ξ2, ∅)
(−, ξ, {0; 2})
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D1 = (+, ξ, {0; 1})
(−, ξ.0, {1})
(+, ξ, {0; 2})
(−, ξ.0, {1; 2})
(+, 0 : ξ.0.1, {42})
D2 = (+, ξ, {0; 1})
(−, ξ.0, {1})
(+, ξ, {0; 2})
(−, ξ.0, {1; 2})
(+, 1 : ξ.0.1, {42})
E = (−, ξ, {0; 1})
(+, 0 : ξ.0, {1})
(−, ξ.0.1, {42})
(+, ξ2, ∅)
(−, ξ, {0; 2})
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D1 = (+, ξ, {0; 1})
(−, ξ.0, {1})
(+, ξ, {0; 2})
(−, ξ.0, {1; 2})
(+, 0 : ξ.0.1, {42})
D2 = (+, ξ, {0; 1})
(−, ξ.0, {1})
(+, ξ, {0; 2})
(−, ξ.0, {1; 2})
(+, 1 : ξ.0.1, {42})
E = (−, ξ, {0; 1})
(+, 0 : ξ.0, {1})
(−, ξ.0.1, {42})
(+, ξ2, ∅)
(−, ξ, {0; 2})
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Γ(n) = 〈m : a〉
VueΓ(n) = VueΓ(m− 1).a
Γ(n) = Visaν
VueΓ(n) = VueΓ(n− 2).a
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k Gk = Lin({D | ∃k, D ∈ Gk}
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φξc : 0 7→ Fid φξc : z 7→ z φξc : zpi 7→ zpi
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& d(Fid,Fid) = 0
& d(zξ,zξ) = 0
& ∀D1,D2 ∈ E
p, d(D1,D2) ≥ δc(Coeffst(D1),Coeffst(D2))
& ∀D1,D2 ∈ E
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p, d(D1,D2) ≥ δc(Coeffst(D1),Coeffst(D2))
& d(Dai−,Dai−) = 0
& d(Skunk,Skunk) = 0
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⊥p, d⊥(E1,E2) = sup
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(G1, d1) ./ (G2, d2) = (G1 ./ G2, d1 ./ d2)
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(d1 ./ d2)(F1,F2)
= supd2((F1)D1, (F2)D2)− d
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1 (D1,D2)
= sup δc(J(F1)D1,D′1K , J(F2)D2,D′2K)− d⊥2 (D′1,D′2)− d⊥1 (D1,D2)
= sup δc(JF1,D1 ~D′1K , JF2,D2 ~D′2K)− (d⊥1 (D1,D2) + d⊥2 (D′1,D′2))
= sup δc(JF1,D1 ~D′1K , JF2,D2 ~D′2K)− d′(D1 ~D′1,D2 ~D′2)
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